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(54) Nonvolatile, in particular f lash-EEPROM, memory device 

(57) A memory (1) comprising a memory anray (2), 
a row decoding unit (3), a column decoding unit (4). and 
a control unit (7); the memory array presents global bit 
tines (13) extending along the whole of the array (2) and 
connected to respective local bit lines (14), one for each 
of the sectors; a switch (1 5) is provided between the glo- 
bal bit lines (1 3) and each respective local bit line (1 4) to 
selectively connect a selected global bit line (13) and 
only one of the associated local bit lines (14); and the 
switches are controlled by local decoding units (17) over 
control lines (16), to address the sectors (SI -S12) inde- 
pendently and so perform operations (read, erase, 
write) simultaneously in two different sectors in different 
rows and columns. 
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Description 

The present invention relates to a nonvolatile, in 
particular flash-EEPROM, meniory device. 

At present, nonvolatile, and in particular flash-EEP- 
ROM. memories fail to provide for simultaneously read- 
ing one sector and writing or erasing another, which 
means the memory is blocked and cannot be used for 
perfonning other (e.g. read) operations in other sectors 
until the write or erase operation is terminated. In view 
of the long time required for erasure, such a limitation is 
disadvantageous, especially if the memory forms part of 
a microcontroller, in which case, the microcontroller 
must conprise appropriate circuits for blocking access 
to the flash memory, thus increasing the complexity of 
the system. 

For a better idea of the problem underlying the 
present invention, Figure 1 shows the architecture of a 
flash memory with sectors organized in columns. 

Memory 1 in Figure 1, which only shows the parts 
pertinent to the present invention, comprises a memory 
array 2 composed of memory ceils organized in rows 
and columns and addressed by word lines and bit lines 
shown schematically by arrows 8 and 9; a row decoder 
3 from which extend the word lines for biasing the 
selected row of array 2; a column decoder 4 to which bit 
lines 9 are connected, and which provides for biasing 
and connecting the addressed bit line (or lines) of array 
2 to the output; a sense amplifying unit 5 in turn com- 
prising a number of sense amplifiers and connected to 
column decoder 4 to sense the information coded in the 
memay cells selected by means of decoders 3 and 4; 
an output unit 6 connected to sense amplifying unit 5, 
for temporarily retaining the data sensed by unit 5; and 
a control unit 7 defining, for example, a finite state 
machine FSM for generating the addresses for row and 
column decoders 3 and 4, and the control signals for 
units 5 and 6. For the sake of simplicity, control unit 7 is 
also assumed to comprise a supply generating section 
for generating the necessary supply voltages, and to 
generate the coded addresses supplied from outside 
memory 1 (arrow 7a) or inside unit 7 according to tine 
operation to be performed (e.g. sequential check of the 
content of the memory cells during erase). 

The ceils of an^ay 2 are grouped Into sectors; and 
the cells in tiie same sector present a common terminal, 
e.g. the source terminal, so that they are all erased 
together. In tiie example shown, the memory cells are 
grouped into three sectors 2a, 2b, 2c organized in col- 
umns, but the following description also applies equally 
to sectors organized in rows. 

To erase a sector, a series of operations is com- 
menced to perform a preconditioning step, and an erase 
step comprising the actual erase procedure and a verify 
procedure. 

The preconditioning step provides for bringing all 
the cells in the sector to the same condition prior to 
actual erasure, and so ensuring they are all erased sim- 
ilarly. For this purpose, tiie bytes composing the digital 
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words memorized in the cells are addressed succes- 
sively. and tiie cells relative to ttie bytes are written and 
then verifed using row and column decoders 3, 4 and 
sense amplifying unit 5. The actual erase and verify pro- 

5 cedures also require tiie use of row and column decod- 
ers 3. 4 and unit 5. so tiiat erasure of a sector takes 
some time (in tiie order of 1 sec) during which tiie 
decoders and amplifying unit 3-5 are engaged in biasing 
and verifying, and cannot be used for otiier functions - a 

10 situation which is of course undesirabta 

It is an object of the present invention to provide a 
nonvolatile memory device capable of performing differ- 
ent operations in different sectors, e.g. erase one sector 
while simultaneously reading anottier. 

75 According to tiie present Invention, there is pro- 
vided a nonvolatile memory device as claimed in Claim 
1. 

A number of preferred, non-limiting embodiments of 
the present invention will be described by way of exam- 
20 pie with reference to tiie accompanying drawings, in 
which: 

Rgure 1 shows the architecture typical of a kncjwn 
memory and also valid for certain embodiments of 
25 the present Invention; 

Rgure 2 shows, schematically, the sto-ucture of the 
memory an^ay according to a first embodiment of 
tiie present invention; 

Rgure 3 shows a more detailed view of a variation 
30 of the Rgure 2 memory array; 

Rgure 4 shows a logic diagram illustrating the vari- 
ous ways of addressing the Figure 2 and 3 memory; 
Rgure 5 shows a simplified circuit diagram of one 
implementation of the row decoder of the menfX)ry 
35 according to the present invention; 

Rgure 6 shows a simplified circuit diagram of one 
implementation of the column decoder of tiie mem- 
ory according to the present invention; 
Rgure 7 shows a further architecture of the mem- 
40 ory according to tiie present Invention; 

Rgure 8 shows a variation of the memory according 
to the present invention; 

Rgure 9 shows a further variation of the memory 
according to the present invention; 
45 Rgures 9a and 9b show logic map diagrams rela- 
tive to a known memory, and relative to the Figure 9 
variation of the memory according to the present 
invention; 

Rgure 10 shows a furttier variation of the present 
so invention. 

According to a first aspect of ttie invention, ttie 
memory device presents the overall architecture in Fig- 
ure 1 , and the memory array is so formed as to permit a 
55 number of operations to be performed simultaneously in 
different sectors. Figure 2 shows an example embodi- 
ment of ttie memory array, wherein tiie array 2 com- 
prises twelve sectors S1-S12 of different sizes; sectors 
S1-S6 being smaller and used for data storage; and 
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sectors S7-S12 being larger and used for program stor- 
age. 

Sectors S1-S12 are arranged in rows 11 and col- 
umns 12 d^ining two perpendicular alignment direc- 
tions. More specifically, sectors Si -S6 are anranged In a 
first row, sectors S7-S9 in a second row, and sectors 
S10-S12 In a third row; and. in view of the difference in 
size, each column comprises two of the smaller sectors, 
i.e. the first column comprises sectors S1. S2, S7. S10, 
and so on. For the purpose of the present Invention, 
therefore, i.e. as regards simultaneous addressing of 
two sectors for read and erase or, at any rate, for per- 
forming different operations, each pair of smaller sec- 
tors S1-S6 in the same column will hereinafter be 
considered a single sector. At the expense of a slight 
increase in complexity and size, however, sectors S1- 
S6 may also be managed independently 

Global bias lines (in the example shown, global bit 
lines) 1 3 extend along the whole of matrix 2 in one of the 
two alignment directions (in the example shown, afong 
the full length of sector columns 12), and are connected 
to local bias lines 14 (one for each sector in said align- 
ment direction, and in this case, one for each of the 
three sectors in the sector column 12 along which the 
global bit line 13 extends). Between global bias lines 13 
and each respective local bias line 14, a switch 15 is 
provided for selectively connecting a selected global bit 
line 13 and only one of the three assodated local bit 
lines 14, and so biasing the sectors independently to 
perform operations (read, erase, write) simuttaneousiy 
in two different sectors forming part of different lines 
(rows and columns). 

The switches 15 in the same sector are controlled 
in common (with the exception of sector pairs S1-S2, 
S3-S4, S5-S6. the sectors in each pair of which are con- 
trolled by the same control signal as indicated above) 
but independently of the other sectors. For this purpose, 
the control terminals of switches 15 are connected to 
control lines 1 6 - one for each sector - connected to one 
or more local decoders 17. In the Figure 2 example, the 
control lines 16 relative to sectors in the same row are 
connected to a respective local column decoder 17. 

Figure 2 also shows, schematically source lines 20 
- one for each sector - connected to a source decoder 
21 in turn controlled by control unit 7 to bias lines 20 
according to the read, write and erase steps of each 
sector. 

To permit operations to be performed simultane- 
ously in sectors S1-S12. appropriate changes must 
obviously also be made to units 3-5 which may for 
example be simply duplicated. 

A further embodiment of the Figure 2 memory array 
is shown in Figure 3. which shows a number of the 
memory cells and the switches of sectors S7-S12 only 
The structure shown for sectors S7-S12, however, is 
also the same for sectors SI -S6. 

In the Figure 3 example, each glot>al bit line in each 
sector is connected to two local bit tines 25 and 26 for 
better compacting the cells, bearing in mind that the glo- 



bal bit line 13 * typically formed in the second metal level 
- must be wider than the local bit lines 14 - typically 
formed in the first metal level - to ensure a suffident size 
of the contacts. As such, six control lines 16 are pro- 
5 vided for each sector row 11. In Rgure 3, provision is 
also made for only one local column decoder 1 T which 
combines the functions of the three decoders 17 in Rg- 
ure 2. 

Each sector S7-S12 (and also each sector S1-S6 

TO not shown) comprises a number of memory cells 30 
arranged in rows and columns. In known manner, all the 
ceils 30 in each sector present the source terminal con- 
nected to the same common source line 20, and ttie 
cells 30 in the same row of cells present tiie control gate 

75 terminal connected to the same word line 31 (in com- 
mon with all the cells in the same row of cells in the 
adjacent sectors). The cells 30 in the same column of 
cells present the drain terminal connected to one of the 
two local bit lines, and more specifically in such a man- 

^ ner that, in the direction of word lines 31 . the cells con- 
nected to a local bit line 25 alternate with those 
connected to a local bit line 26. 

Each pair of local bit lines 25, 26 is connected to the 
respective global bit line 13 by a selection transistor 32, 

25 33 with its gate terminal connected to a control line 1 6. 
More specifically, the transistors 32 in each sector 
(interposed between the global bit lines 1 3 of the sector 
and a respective local bit line 25) are all connected to 
the same control line 16; and the transistors 33 in each 

30 sector (between global bit lines 13 and respective local 
bit lines 26) are all connected to a different control line 
16 (as shown in more detail for sectors S7 and S10). As 
such, in the example shown, in which each sector row 
1 1 comprises tinree sectors (or compound sectors, in 

35 the case of sectors S1-S6), six control lines 16 are suf- 
ficient for each sector row 1 1 . 

Control lines 16 preferably extend in the gap nor- 
mally existing between two different sector rows 11, 
preferably in the form of first-level metal lines. In the 

40 example shown, common source lines 20 extend in the 
gap normally existing between two different sector col- 
umns 12, but in the alternative, in the event tiie global 
bias lines are the word lines, the gap between tiie col- 
umns may be occupied by control lines for the selection 

45 transistors of associated local word lines, which is the 
solution adopted, for example, when gate stress cannot 
be disregarded. 

With the memory array structure shown in Figures 2 
and 3. it is possikde to read a sector in a given row and 

50 column 11. 12, and erase another in a different row and 
column. The possibilities afforded by the local decoding 
system shown are illustrated schematically in Figure 4 
relative to a sector configuration as shown in Rgures 2 
and 3. More specifically, and as shown in Figure 4. per- 

55 formance of an operation (read, write, erase) in sector 
SI or S2 (i.e. access to sector SI or S2) permits simul- 
taneous performance of an operation in (i.e. access to) 
one of sectors S8. Si 1 . S9. Si 2; access to sector S3 or 
S4 permits simultaneous access to one of sectors S9. 



3 



5 



EP0745 995A1 



6 



S12. S7. SI 0; and access to sector S5 or S6 permits 
simultaneous access to one of sectors 88, S11, S7, 
S10. 

For example, to erase data sector S3 without inter- 
rupting performance of the program memorized in pro- s 
gram sectors 89 and 812, which must therefore remain 
accessik>le when erasing sector S3, it is possible to 
maintain common source line 20 connected to sector 
S3 at 12 V, and all the rows of sector S3 at 0 V. while 
finite state machine 7 (Rgure 1 ) controls the erase dura- io 
tion. At the same time, finite state machine 7 provides 
for addressing the rows and columns of sectors 89 and 
812 to read the program (or perform other operations). 

According to a further aspect of the present inven- 
tion, a row decoder is proposed, which is capable of is 
addressing two different rows at the same time without 
fully duplicating the relative circuits, and as shown in 
Figure 5 described below. 

The row decoder 3 in Rgure 5 comprises a number 
of decoding sections 34 equal to the number of sector 20 
rows 11 (in this case, three, of which only two are 
shown): and each decoding section 34 comprises a 
multiplexer 35 presenting 2n data inputs, where n 
equals the number of bits required to address ail the 
rows in the memory an'ay. The data inputs of multiplex- 25 
ers 35 are connected to two groups of n address lines 

36, 37. each coding a different address; and multiplex- 
ers 35 also comprise m selection inputs connected to m 
selection lines 38 for specifying v\^ich multiplexers 35 
are to use which of the two addresses on lines 36 and 30 

37. to simultaneously address two different rows In array 
2. In other words, by means of selection lines 38. each 
multiplexer knows whether it is to output the address on 
line 36. the address on line 37. or no address at all. 

Multiplexers 35 therefore present a first number of 35 
outputs 41 (equal to n/2). and a second number of out- 
puts 42 (equal to n/2). Outputs 41 are connected 
directly or inversely to the inputs of a NAND gate 39, 
and code a first half of the address specified on lines 36 
or 37; and outputs 42 are connected to a logic unit 40. 40 
and code a second half of the address specified on lines 
36 or 37. Logic unit 40 is also connected to the output 
43 of NAND gate 39. Logic unit 40 substantially com- 
prises a combining circuit (in addition to a level shift cir- 
cuit) with a number of outputs equal to the rows in the 45 
relative sector column 12; and forms a two-level decod- 
ing circuit together with NAND gate 39. In practice. 
NAND gate 39. with its direct or inverted inputs, 
decodes the first half-address, and logic unit 40 
decodes the second half-address, also using the output so 
of NAND gate 39. 

Each output of each logic unit 40 is connected to a 
first input of a respective inverter 45, which presents a 
second input connected to a node 46. and an output 
connected to a word line 31 . Row decoder 3 comprises ss 
three nodes 46 • one for each sector row 1 1 ; each node 
46 Is connected to two supply lines 50. 51 by respective 
P-channel MOS supply selection transistors 47. 48; and 
transistors 47. 48 present the control terminal con- 



nected to an enabling unit 49 (one for each sector row 
11). 

Line 50 supplies the voltage Vqc reading the 
cells, while line 51 supplies the erase voltage Vpp or 
verify voltage Vv for erasing and/or writing the cells. 

Each enabling unit 49 substantially comprises a 
pair of switches 52. 53 - one for each respective supply 
selection transistor 47, 48 - for connecting or discon- 
necting the control gate of respective transistors 47, 48 
to ground, and so turning the transistors on or off. 
Switches 52. 53 are controlled by control signals sup- 
plied by control unit 7 over enabling lines 54 (in this 
case, six in number, equal to the number of transistors 
47. 48 and switches 52. 53) for controlling the state of 
switches 52, 53 and hence transistors 48, 49 supplying 
inverters 45. Inverter 45. enabled by its logic unit 40 on 
the basis of the address specified on lines 36 or 37, 
therefore biases respective word line 31 at the voltage 
on line 50 or 51. as specified by the control signals on 
lines 54; and. by virtue of duplicating address lines 36. 
37, and by virtue of lines 38 controlling multiplexers 35 
as desaibed above, it is possible to send two different 
addresses over lines 36 and 37. and to address two dif- 
ferent lines 31 in different sector rows 1 1 to perform two 
instructions simultaneously 

As is known, mevnory array outputs are currentiy 
organized so that the bits in the same word are distrib- 
uted along one row (belonging to different sectors). 
Conversely, according to a further aspect of the present 
invention, the outputs of memory anay 2 are concen- 
trated in the same sector. One embodiment of a column 
decoder implementing this type of organization is 
shown in Figure 6 wherein, on account of the different 
number of cells per row in sector 812 with respect to 
sectors 81 0 and 81 1 . and hence the different number of 
global bit lines extending from these sectors, tiie bit 
lines extending from sector SI 2 (and similarly from sec- 
tors S9. 85. 86) are decoded at two levels. 

In Figure 6. each sector is assumed to present six- 
teen outputs corresponding to sixteen bits to be sent to 
sense amplifiers 5; sectors 810 and 81 1 (and the corre- 
sponding sectors in the same sector column 12) are 
assumed to be connected to sixteen global bit lines; and 
sector 812 is assumed to be connected to forty-eight 
global bit lines. The architecture described below, how- 
ever, may also be applied to different configurations witii 
a different number of outputs (e.g. eight) and/or a differ- 
ent number of bit lines extending from the sectors. 

The decoder 4 in Figure 6 therefore comprises six- 
teen output lines B1, B2. .... B16 (corresponding to tiie 
sixteen bits in each word) connected at one end to 
sense amplifiers 5. and at the other end to the global bit 
lines 13 of the anay sectors via selection transistors 58- 
60. More spedf ically. tine sixteen global bit lines 1 3 from 
sectors 810 and 81 1 are each connected to a respec- 
tive output line B1-B16 by a respective first selection 
transistor 58. so that the first global bit line 13 of sector 
S10 is connected to the first global bit line 13 of sector 
Si 1 and to the first output line B1 . the second global bit 
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line 13 of sector SIO is connected to the second global 
bit line 13 of sector S1 1 and to the second output line 
B2, and so on. The selection transistors 58 on the global 
bit lines of sectors S10, SI 1 connected to the same out- 
put line B1-B16 are controlled by the same control sig- 5 
nal YN1 - YN 16 supplied over a respective control line 62 
connected to control unit 7. 

Triplets 63 of global bit lines 13 of sector SI 2 are 
also connected to output lines 81 -816 by second selec- 
tion transistors 60 controlled by respective signals YM1 - 
YM16 supplied over control lines 64 also connected to 
control unit 7; and the three global bit lines 13 of sector 
SI 2 in the same triplet 63 (connected to the same out- 
put line 81-816) are controlled by a respective third 
selection transistor 59. More specifically, the selection 
transistors 59 connected to the first global bit line In 
each triplet 63 are controlled by signal YN1 controlling 
the first global bit lines of sectors S10, S1 1 ; the selec- 
tion transistors 59 connected to the second global bit 
line in each triplet 63 are controlled by signal YN2; and 
the selection transistors 59 connected to the third global 
bit line are controlled by signal YN3. 

Consequently, to read the cells or some of the cells 
in a row in sector SIO, row decoder 3 selects the row; 
local decoder 17 selects the columns (local bit lines 14 
in Figure 2. lines 25 or 26 in Figure 3) In sector 810; and 
selection transistors 58 provide for selectively connect- 
ing the selected columns to the selected output tine/s 
81 -81 6 by means of signals YN1-YN16. Hot being 
selected by local decoder 17. the other sectors S1-S9. 
Si 1 and SI 2 in no way interfere with the reading. Con- 
versely, to read the cells or some of the cells in sector 
S12, selection transistors 60 only connect to output 
lines 81-816 the triplet/s 63 of lines 13 specified by sig- 
nals YM1-YM16; and, within each triplet 63, transistors 
59 connect the global bit line 13 to be connected to the 
output. In this case also, sectors SI -S1 1 1n no way inter- 
fere with the reading by not being selected by local col- 
umn decoder 17. 

Column decoder 4, however, only provides for suc- 
cessively reading two sectors, and must therefore be 
duplicated to permit two sectors In two different sector 
columns 12 to be read simultaneously. According to a 
further aspect of the present invention, therefore, a fur- 
ther column decoder and a further sense amplifier unit 
are provided. Since the architecture according to the 
Invention is typically designed to permit reading of one 
sector and erasure or writing of another sector in a dif- 
ferent sector column 12, the memory may be so control- 
led that one sense amplifier is only active during the 
erase verify procedure, and the other sense amplifier is 
only active during the read procedure. In which case, 
the sense amplifiers may be specialized according to 
the function to be performed, so as to eliminate, within 
each sense amplifier, the circuits relative to the dis- 
carded function, and employ the additional space for 
forming the additional decoding and sense units. 

The architecture so formed is shown in Figure 7, 
which shows a read column decoder 65; a read sense 
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amplifier unit 66; an erase column decoder 67; an erase 
sense amplifier unit 68; units 6 and 7 of the Rgure 1 
architecture; local column decoder 17 or 17' as in Figure 
2 or 3; and source decoder 21 as in Figure 2. Read units 
65 and 66 are an^anged in the same way as correspond- 
ing units 3, 4 in the Figure 1 architecture; and erase 
units 67 and 68 are kx:ated on the opposite side of 
memory array 2. Z in relation to units 65, 66. More spe- 
cifically, erase column decoder 67 is connected to the 
top end of global bit lines 13 (anrow 70), and is control- 
led by control unit 7 in the same way as unit 4; and 
erase amplifier unit 68 is connected downstream from 
unit 67. and receives control signals from, and supplies 
output signals to, control unit 7. 

Read and erase column decoders 65, 67 preferably 
present the same structure as unit 4, while sense ampli- 
fier un'rts 66, 68 are specialized, as described above, so 
that each only includes the circuits relative to a respec- 
tive function (read and verify). 

To read, for example, sector SI 2 and verify sector 
S1 during erasure, the cell or ceils in sector SI 2 to be 
read are appropriately biased by read column decoder 
65, local column decoder 17, and row decoder 3; and, 
similarly, the cells in sector SI to be verified are appro- 
priately biased by erase column decoder 67, local col- 
umn decoder 17*, and row decoder 3 which therefore 
simultaneously addresses two different rows in the array 
- preferably as described with reference to Figure 5 - on 
the basis of two different addresses supplied over lines 
36 and 37. Decoding (and reading) during writing are 
preferably performed by erase units 67. 68. 

The architecture of the memory according to the 
present invention provides for increasing the numt>er of 
sectors to meet different user requirements. Additional 
data sectors, in fact, may be provided using the same 
control circuitry and by simply increasing the size of the 
row decoder, as shown in Rgure 8 which shows only a 
memory array 2 and row decoder 3. In addition to sec- 
tors SI -SI 2. array 2 also presents further sectors SA, 
SB. SC. SD. SE, SF presenting respective local bit lines 
14 or 25, 26 (like sectors SI -S 12) and connected to the 
same global bit lines 13 as sectors SI -Si 2 by respec- 
tive selection switches 15 controlled by respective con- 
trol lines 16. 

If the row decoder is formed so as to independently 
address the rows of sectors SA-SF (for example, by 
adding a multiplexer 35 and relative circuits to the Rg- 
ure 5 embodiment), it is possit)le, for example, to read 
sector SA and simultaneously erase sector S4. 

The proposed architecture provides for so address- 
ing the memory space as to mask the noncontiguous 
arrangement of the sectors and so give the customer 
the impression of working with a contiguous sector 
arrangement. 

For this purpose, a map table need simply be pro- 
vided upstream from control unit 7, to relate the actual 
noncontiguous anangement of the sectors to the appar- 
ent contiguous one. This is shown schematically in Rg- 
ure 9, which shows only control unit 7 and map table 73 
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of memory 1 . Map table 73 receives the addresses sup- 
plied ejcternally and relative to the "ideal" arrangement 
required by the customer (arrow 7a), and supplies the 
actual internal addresses corresponding to the real 
arrangement of the sectors (anrow 75). The actual 
addresses 75 ms^ also be supplied directly to the row 
and column decoders. 

Map table 73 may be formed in any way. as a logic 
circuit or a memory element; and. in the latter case, it 
may be implemented by a spedal memory array, or 
using a portion of memory array 2 as shown schemati- 
cally in Figure 9. 

Consequently, as opposed to a linear sector 
arrangement, as in the known memory map in Figure 
9a, an arrangement Is achieved which is better suited to 
the requirements of the user, as shown in Rgure 9b. and 
which provides for more conveniently organizing the 
memory space, for example, by maintaining the pro- 
gram storage sectors adjacent to the data sectors. 

Moreover, in the case of a map table 73 in the form 
of an erasable, reprogrammable memory, it may be pro- 
grammed freely by the customer, who may alter the rel- 
ative position of the sectors within the memory space as 
required. 

The proposed architecture provides for troublefree 
column redundancy control, and the addition of further 
sectors, with no additional circuitry, for enat)ling or read- 
ing redundancy column addresses. One solution is 
shown in Figure 10 in which, in addition to program and 
data sectors SI -Si 2. memory an'ay 2 also comprises 
sectors SA-SF similar to those In Figure 8; and sectors 
S1 -S12 and SA-SF comprise redundancy columns con- 
nected to respective global bit lines. Memory 1 also 
comprises a fail column memory 80; and a redundancy 
control unit 81 which is supplied by control unit 7 (arrow 
83) with the addresses of the (read or write) enabled 
cells, and by fall column memory 80 (anow 82) with the 
addresses of the fail columns. Redundancy control unit 
81 then compares the incoming addresses, and, in the 
event they match (fail column addressed), disables, 
over line 84. the read and erase column decoders 65, 
67. and enables, over line 85. a special redundancy 
decoder 86 output connected to read and erase sense 
amplifiers 66, 68. This operation provides for disabling 
the fait column via decoders 65, 67. and for enabling 
and substituting the corresponding redundancy column 
via redundancy decoder 86, thus maintaining the struc- 
ture of memory 1, regardless of whether it is expanded 
by sectors SA-SF or presents the basic structure com- 
posed, for example, of sectors SI -SI 2. 

Alternatively, instead of making the whole column 
redundant in the event of failure of only a portion of it 
(local bit line), it is possible to make only the failed local 
bit line, e.g. of sector S7. redundant, and not those of 
the sectors SB. S2 and S10 connected to the same glo- 
bal bit line. In this case, however, the greater adaptabil- 
ity of the memory to cope with a larger number of fail 
conditions demands a more complex control logic. 



According to a further variation, redundancy 
decoder 86 may be dispensed with, and the redundancy 
control unit made to control column decoders 65, 67 to 
address the redundancy global bit lines as opposed to 

5 the failed addressed ones. 

As compared with known solutions comprising 
redundancy sectors, the architecture according to the 
invention presents the advantage of making only the fail 
columns in a specific sector redundant, instead of a 

10 whole column of cells belonging to superimposed sec- 
tors, thus reducing the number of rows required in the 
redundancy sectors and hence the size of the memory 
as a whole. 

The advantages of the memory device according to 

75 the invention will be clear from the foregoing desaip- 
tion. In particular, the architecture described provides 
for operating simultaneously in two sectors of the mem- 
ory an-ay. thus greatly reducing mOTory access time, 
especially when erasing a sector; presents a high 

20 degree of modularity; and permits remapping of the 
sectors and hence troublefree use and straightfbnvard 
redundancy operations. 

Clearly, changes may be made to the menrory 
device as described and illustrated herein without, how- 

25 ever, departing from the scope of the present Invention. 
In partrcular. the solutions described may be applied to 
an isolated, preferably flash, memory device, as well as 
to memories integrated in microcontrollers and dedi- 
cated memories such as ASM (Application Specific 

30 Memory) devices; and the global bias lines connected 
to local bias lines may also be word lines Instead of or in 
addition to bit lines. 

Claims 

35 

1. A memory device (1) comprising a memory array 
(2) including a number of memory cells (30) 
grouped into a plurality of sectors (SI -SI 2); charac- 
terized in that it comprises means (14, 15, 17) for 

40 simultaneously addressing at least two said sectors 
of said memory array 

2. A device as claimed in Claim 1. wherein said sec- 
tors (S1-S12) are arranged in rows of sectors (11) 

45 and columns of sectors (12). and form first lines of 
sectors extending in a first direction, and second 
lines of sectors extending in a second direction per- 
pendicular to the first direction; characterized in that 
it comprises global bias lines (13) extending parallel 
so to said first direction and substantially along the 
whole length of said first lines of sectors; a plurality 
of local bias tines (14; 25, 26) for each said global 
bias line, said local bias lines extending parallel to 
said first direction and being at least equal in 
55 number to the sectors forming said first lines of sec- 
tors; a plurality of sector selection means (15; 32, 
33) Interposed between each local bias line and a 
respective global bias line; and control means (17, 
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1 T) for said selection means tor separately control- 
ling said sectors. 

3. A dey^e as claimed in Claim 2. characterized in 
that said sector selection means comprise sector s 
selection transistors (15; 32, 33) having a control 
terminal connected to control lines (16) in turn con- 
nected to local decoding units (17, 17*); at least one 
said control line being provided for each sector (SI - 
S12). 10 

4. A device as claimed in Claim 3, characterized in 
that said global bias lines are global bit lines (13): 
said local bias lines are local bit lines (14; 25. 26); 
and said local decoding units are column decoding is 
units (17, 17*) controlled by a control unit (7) of the 
memory device (1). 

5. A device as claimed in Claim 4, characterized in 
that said control lines (1 6) extend between adjacent 20 
rows of sectors (11). 

6. A device as claimed in Claim 4 or 5, characterized 
in that it comprises a first (25) and second (26) local 

bit line for each global bit line (1 3) and for each sec- 2s 
tor (S1-S12); and said sector selection transistors 
comprise first sector selection transistors (32) 
located between each global bit line and the 
respective first local bit line, and second sector 
selection transistors (33) located between each glo- 30 
bal bit line and the respective second local bit line; 
said first sector selection transistors in the same 
sector being connected to the same first control line 
(16); and said second sector selection transistors in 
the same sector being connected to the same sec- 35 
ond control line (16). 

7. A device as claimed in one of the foregoing Claims 
from 4 to 6. and comprising a row decoding unit (3) 
formed of a plurality of decoding sections (34); 40 
characterized in that each said decoding section 
comprises two pluralities of address inputs, and 
one plurality of address selection inputs; each said 
plurality of address inputs being connected to a 
respective plurality of address lines (36. 37) to sup- 4S 
ply each said decoding section with two different 
row addresses: and said address selection inputs 
being connected to respective address selection 
lines (38). to supply each section (34) of said 
decoding unit with information signals relative to so 
which of the two addresses is to be used. 

8. A device as claimed in one of the foregoing Claims 
from 4 to 7, wherein a digital word is formed of a 
plurality of bits, each memorized in a respective ss 
memory cell (35); characterized in that the memory 
cells relative to the same digital word all befong to 
the same sector (SI -Si 2). 



12 

9. A device as claimed in Claim 8, and comprising a 
column decoding unit (4; 65, 67) connected to said 
global bit lines (13); characterized in that said col- 
umn decoding unit comprises a plurality of output 
lines (B1 -B1 6); each output line being connected to 
a plurality of global bit lines belonging to different 
columns of sectors (12). 

10. A device as claimed in Claim 9. characterized in 
tiiat said column decoding unit (4; 65. 67) com- 
prises a plurality of first bit selection transistors (58) 
along said global bit lines (1 3); all said first bit selec- 
tion transistors relative to global bit lines (13) con- 
nected to a same output line (B1-B16) being 
controlled by a same selection signal (YN1-YN16). 

11. A device as claimed in Claim 9 or10, characterized 
in that at least one column of sectors (12) com- 
prises a number of global bit lines (13) greater than 
ttie number of said output lines (B1-B16); and said 
global bit lines in said at least one column of sectors 
are grouped into groups of lines (63); the global bit 
lines in one group of lines being connected 
together, and being connected to the respective 
output line by a second bit selection transistor (60). 

12. A device as claimed in Claim 10, characterized in 
that it comprises third bit selection transistors (59) 
located along said global bit lines (13) in groups of 
lines (63). and controlled by said selection signal 

. (YN1-YN16) controlling said first selection transis- 
tors. 

13. A device as claimed in any one of ttie foregoing 
Claims from 4 to 12, characterized in ttiat it com- 
prises a first and second column decoding unit (65. 
67) connected to said global bit lines (13); and a 
first and second sense amplifying unit (66. 68) 
respectively connected to said first and second col- 
umn decoding unit. 

14. A device as claimed in Claim 13, characterized in 
tiiat said first column decoding and sense amplify- 
ing units (65, 66) are activated during a reading 
step; and said second column decoding and sense 
amplifying units (67. 68) are activated during an 
erasing and writing step. 

15. A device as claimed in any one of the foregoing 
Claims from 4 to 14, characterized in that it com- 
prises a mapping unit (73) presenting a plurality of 
address inputs supplied with customer sector 
address signals (7a), and a plurality of address out- 
puts supplying real sector address signals (75); 
said mapping unit memorizing ttie correlation 
between said customer sector address signals and 
said real sector address signals. 
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16. A device as claimed in Ctaim 15. characterized in 
that said mapping unit (73) comprises a nonvolat'le 
memory. 

17. A device as claimed in Claim 16. characterized in s 
that said nonvolatile memory (73) is formed by a 
portion of said memory array (2). 
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